Introduction
The corpus luteum (CL) is a transient endocrine organ with the primary function of producing progesterone to support establishment and maintenance of pregnancy. Its rapid generation from the remnants of the follicle after each ovulation involves an array of cell lineages in an extraordinary process of proliferation, differentiation, and neovascularization unparalleled in any other tissue in the body. Immune cells, including macrophages, neutrophils, and dendritic cells, are abundant in the developing CL [1, 2] and are thought to facilitate tissue remodeling events as well as control of steroidogenic function [3] [4] [5] . At luteolysis, the number of leukocytes increases even further, and a role in apoptosis and clearance of regressing tissue is proposed [6] .
Lymphocytes have been viewed as a minor population of the CL leukocyte pool and are less well studied than macrophages and dendritic cells, with little known about their precise nature and biological significance. However, any assumption that fewer cells means a lesser role is misplaced when it comes to lymphocytes. As well as their key role in combating infection, these cells exert powerful control over local proinflammation, tissue turnover and homeostasis through their secretion of potent cytokines and decisive actions to eliminate other cell lineages or, conversely, to suppress potentially destructive autoimmune responses. There are special challenges in studying lymphocytes related to their often sparse distribution, remarkable variation in expression of surface markers and functional states, and difficulty in defining their specific antigenic targets.
In this issue of Biology of Reproduction, Poole and Pate [7] report the first comprehensive analysis of T cell populations in the corpus luteum using a bovine model that overcomes the challenge of limited tissue in small animal models. The study explores the identity and abundance of T cells present in the fully functioning corpus luteum of midcycle or early pregnancy and the changes that occur after induction of luteal regression. This novel work reveals that 1) a complex array of T cells exists in the corpus luteum; 2) the profile of T cell phenotypes fluctuates over the course of luteal life span, implying local environmental control of T cell populations; 3) the T cell pool in the CL has a different composition with enrichment of CD8þ cells compared to blood; and, most excitingly, 4) CD4þ and CD8þ regulatory T cells are widely prevalent, particularly when the CL is most actively steroidogenic, but undergo a precipitous decline during luteal regression.
Significance of T Cell Phenotype for Immune Function
To understand the significance of these findings, it is necessary to recognize that T cells can the peacekeepers as well as the executioners in the body's armory of immune effectors. Different subsets of T lymphocytes mediate the full spectrum of responses, ranging from cytotoxicity to anergy or active suppression. This capacity for ''deviation'' in the immune response underpins immunological tolerance as well as protective immunity and is viewed as critical in many reproductive processes where T cells can act decisively to either accommodate or eliminate male and female gametes or the embryo based on their expression of ''foreign'' antigens and various environmental cues. Consistently aggressive responses to such antigens are not compatible with healthy reproductive function and can lead to infertility and organspecific autoimmune disease. However, under some circumstances, for example, if gametes or the embryo are damaged or genetically faulty or if environmental conditions are inappropriate, prevention of pregnancy might be warranted, and T cells could then be valuable agents of efficient termination of a reproductive cycle [8] .
What Are Regulatory T Cells?
Regulatory T cells (Treg cells) are a T lymphocyte population with suppressive or regulatory properties that are devoted to maintaining antigen-specific T cell tolerance. Treg cells are identified as CD4 þ CD25 þ T cells expressing the signature transcription factor FOXP3 [9] . Among the four major classes of CD4þ T cells, together with Th1 cells, Th2 cells, and Th17 cells [10] , Treg cells are distinguished by their role in tolerance as opposed to immunity (Fig. 1 ). CD8þ T cells expressing FOXP3 with regulatory properties have also been described, but less is known about their ontogeny, regulation, and function [11] .
Treg cells exert critical protective functions in autoimmune disease, transplantation tolerance, and inflammatory disease. Their suppressive function is exerted largely through actively inhibiting the proliferation and effector function of other CD4þ and CD8þ T cells. They also suppress B-cell proliferation and immunoglobulin production, inhibit cytotoxic function of natural killer (NK) cells, and constrain maturation and function of antigen-presenting cells, including dendritic cells and macrophages [12] [13] [14] . Thus, Treg cells can target several stages of the adaptive immune response, spanning the events of lymphocyte activation, proliferation, and effector function. At least two distinct pathways of Treg generation exist. ''Natural'' Treg cells originate via a selective process in the thymus based on the structure of their individual T cell receptors (TCRs) [15] . However the majority of Treg cells are ''inducible'' Treg cells generated within peripheral tissues [16] . The presence of peripheral tissue antigens is essential for the de novo generation of antigen-specific, inducible Treg cells from naive T cell precursors [17] . The importance of tissue antigens for generation of Treg cells to protect against autoimmunity has been shown in several tissues, including the ovary [18] . Inducible Treg cells reactive with tissue antigens enable the immune system to regulate responses to these ''self'' antigens that might otherwise be aberrantly targeted for elimination.
The microenvironmental context in which naive CD4 þ Th0 cells encounter their cognate antigen is the principal determinant of their differentiation fate and development into Treg cells as opposed to Th1, Th2, or Th17 cells [10] (Fig. 1) . The dialog between Th0 cells and antigen-presenting cells is pivotal in the activation and expansion of Treg cells [19] . Specific cytokines and environmental signals are crucial for fate commitment to Treg cells rather than Th1, Th2, or Th17 phenotypes. One key factor is TGFb (TGFB), a cytokine long recognized to have immune-suppressive and anti-inflammatory properties [20] . Naive CD4 þ CD25 À T cells differentiate into Treg cells expressing FOXP3 when TGFB is present at the time of TCR ligation to the antigen since TGFB acts to override the default pathway that generates T cells without suppressive capabilities [13] .
Treg Cell Plasticity
An emerging area of great interest is the relationship between Treg cells and proinflammatory IL17-producing T
abundance influenced dramatically by the cytokine environment in which T cell priming occurs, particularly the ratio of IL6 to TGFB [21] . Existing Treg cells, in the absence of sufficient TGFB1, can function as inducers of Th17 cells and themselves convert to Th17 cells [22, 23] . This mutual antagonism and plasticity between Treg and IL17 cells illustrates the fine line between a suppressive versus proinflammatory immune outcome and the major importance of the cytokine environment not only at the outset but also for the duration of the response. Additionally, it reveals a further important property of Treg cells: their potent capacity to execute cycles of target support followed by target destruction, a characteristic property of reproductive and gestational tissues where cyclic remodeling is a paramount feature.
Treg Cells in the Ovary-What We Know
Regulatory T cells are pivotal in many aspects of reproductive function [24] . Several antigens associated with the developing conceptus or expressed by sperm and oocytes are absent from the thymus and not expressed until sexual maturation and thus are viewed as foreign by the host immune system. Treg cell populations with affinities for fetal antigens, particularly those derived from the father, are clearly essential for survival and development of the fetus [24, 25] . But it is less well appreciated that Treg cells also are critical for normal integrity and function of the ovary [26] .
The ovary has been informative in understanding the roles of Treg cells in protecting tissues expressing reproductive antigens from autoimmune destruction. Oocytes express a range of antigens, such as the zona pellucida proteins that induce autoimmune oophoritis when administered to naive recipients [27] . In mice, removal of the thymus shortly after birth causes spontaneous ovarian autoimmune disease, but this can be prevented by passive transfer of T lymphocytes from spleens of normal adult mice [18] . The protection-conferring population is CD4 þ CD25 þ FOXP3 þ Treg cells. Cells from females are intrinsically more potent suppressors than cells from males [26] . The gender-specific effect can be reversed if males are grafted with ovaries prior to recovery and transfer of Treg cells [18] . This shows the antigen-specific nature of the Treg suppressive activity and the necessity for persistent presence of the cognate tissue antigen in generating the ovary antigen-specific Treg cells. Autoimmune ovarian disease, which is linked to premature ovarian failure in women, results from operational failure of the normal immune regulatory mechanisms in the ovary and its draining lymph nodes [28] .
Treg Cells in the Corpus Luteum-What We Do Not Know
Against the context of our emerging knowledge of Treg cells in reproductive processes, the finding of Treg cells in the CL is very exciting and offers a new piece to the puzzle of understanding how ovarian Treg cells are generated and maintained and how they might influence ovarian function. The observations by Poole and Pate [7] require confirmation, and an obvious next step is to evaluate whether similar patterns of Treg cell recruitment and demise occur in the CL of other species. Assuming that a consistent pattern emerges, this raises a raft of questions regarding the origin, regulation, and function of Treg cells in the physiology of CL development and function. Foremost among these are whether the Treg cells are inducible Treg cells or natural Treg cells (the former seems likely), the importance of TGFB and other cytokines in 
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controlling Treg cell generation and maintenance, the nature of the tolerogenic dendritic cells that present antigen to prime Treg cells, and the consequences of insufficient Treg cells for CL function. A pivotal question is the identity of the tissuespecific antigens against which the Treg cells are elicited-one possibility is that zona pellucida or other oocyte antigens remain in the follicle after ovulation, and the Treg cells are required to prevent cytotoxic cells from developing against these antigens since the consequence could be autoimmune destruction of developing follicles in the ovary.
Poole and Pate [7] additionally show that in early pregnant cows, CD8þ T cells with an anti-inflammatory, regulatory phenotype are more extensively sequestered than during the estrous cycle. The means by which the presence of the conceptus and maternal recognition of pregnancy normally sustains these cells in the CL requires further investigation. As well as local change in the CL microenvironment exerting direct effects on T cells, it seems possible that embryonic signals, including interferon-s in ruminants and hCG in humans, can influence T cell differentiation fate [29] .
A key observation in the Poole and Pate [7] study is a sharp 10-fold decline in CD4þCD25þFOXP3þ Treg cells, accompanied by reduced TGFB1 expression, observed 8 h after luteolysis is triggered by PGF2a administration. Although we as yet have no evidence of cause-and-effect relationships, an attractive working hypothesis is that the decline in Treg cells is a direct cause of a shift toward a proinflammatory state, which in turn precedes progesterone decline (Fig. 2) . Sudden loss of Treg-mediated suppression would then be expected to elevate secretion of proinflammatory cytokines known to inhibit progesterone secretion [6, 30] . Releasing the brake on cytotoxic T or NK cells with reactivity toward luteal cells would accelerate cell death and structural demise. There is evidence supporting the interpretation that a proinflammatory insult terminates CL function through an immune mechanism [31] , but confirming that Treg cell removal is indeed causal in CL demise requires further experiments.
An interesting possibility, also worth exploring, is that Treg cell plasticity contributes to CL demise. If interconversion between Treg and IL17 cells exists in the ovary, this would confer a powerful mechanism by which tissue regression could be accelerated at luteolysis. Down-regulation of FOXP3 and transition into a Th17 cell phenotype could explain the sharp decrease in CD4þCD25þFOXP3þ Treg cells without loss of total CD4þ numbers after luteolysis [7] . This process could then further hasten the structural demise and cell death accompanying luteolysis beyond a passive removal of Tregmediated suppression. Since IL6 would have a key role in such a phenotype switch, the finding of Il6 gene silencing in the corpus luteum of pregnant rats, until abrupt expression at parturition [32] , is entirely consistent with this hypothesis.
Conclusions and Future Perspectives
This new insight on regulatory T cells in the corpus luteum suggests a range of potential T cell pathways that could contribute to CL development and demise. We can expect exciting times ahead as the true function and control of T cells in the CL is revealed. Sophisticated genetic mouse models enabling tracking of T cell responses and ablation of specific T cell subsets are likely to be instrumental in defining cause-andeffect relationships. Compromised progesterone production is linked with the pathology of pregnancy loss in women [33] , so new clues on key players in CL biology may ultimately be relevant to clinical medicine. Since Treg cells offer a powerful treatment target for a range of immune disorders [34] , a more distant prospect may be manipulating Treg cells in the ovary to improve fertility or induce contraception.
FIG. 2.
A working hypothesis linking Treg cell numbers in the corpus luteum with steroidogenic function and pregnancy. Abundant Treg cells in the midcycle CL would be expected to mediate immune tolerance, suppress proinflammatory effectors, and support healthy CL function, progesterone (P) synthesis, and progression of pregnancy. At CL regression, the marked decline in Treg cells would cause a shift to a proinflammatory environment and accelerate the onset of luteolysis and cessation of progesterone synthesis, culminating in withdrawal of pregnancy support.
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